In this study, wind characteristics and wind power potential are analyzed for three meteorological stations in the Sudanese zone of Chad for the period of 35 years (from 1975 to 2010). Assessment of the wind power potential was carried out using the two parameters of Weibull distribution. Results of the study shows that the average annual wind speeds at 10 m above ground for Moundou, Pala and Sarh are 2.69, 2.33 and 1.91 m/s, respectively. The mean annual value of the Weibull shape parameter k and scale parameter c range from 2.376 to 3.255 and 2.099 to 3.007, respectively. The maximum annual power density of 204.85 W/m 2 was obtained at Moundou. Results of this study further shows that the selected locations are not suitable for large-scale wind energy production at 10 m altitude. However, by extrapolation, assessment of wind speed at 67 m altitude combines with wind turbine Vestas 2 MW/80 that adapts to the Sudanese local conditions, and the wind power potential can be exploited for water pumping, heating and production of electricity.
the increase of total population day-by-day. To satisfy this energy demand, it is necessary to embark on alternative sources such as renewable energies which are clean sources of energy and nonpolluting [6] [7] . Among these renewable energies is wind energy. The wind energy production in the world is about 318.510 MW as at 2013 [8] . The highest growth rate of wind energy was 64.3% and this occurred in 1999. It is now recognized as the source of energy which develops most quickly on a worldwide scale. As a result of technologies development in the recent years, the production of electricity by wind power technology has reached a high level of technological maturity and industrial reliability [9] [10] .
The knowledge of wind characteristics based on the wind velocity is essential, not only for the evaluation of the wind power potential but also for the dimensioning of the wind power stations and the selection of suitable choice of the aerogenerators [11] [12] .
Chad is a country with 80% of her population living in rural area, without a particular grid system of electricity. Only 2% to 4% of the population has access to electricity. Therefore, renewable energy is fitted to its development and the well-being of its population [13] . Due to the fact that the country has no devices for capturing parameters for evaluating the solar and wind potentials, in this study some data were gotten from satellite measurement. Chad has a significant natural energy potential. In particular, the exploitation of the solar energy and wind power could help to achieve sustainable energy development. Presently, to the best knowledge of the authors, there have been no much research works on assessment of solar and wind energy potentials in Chad. This study aims at assessment of the potential of wind energy in the Sudanese zone of Chad using Weibull distribution.
Wind Data and Analysis

Wind Speed Data
Vast of 1,284,000 km 2 , Chad extends between 7˚ and 24˚ of north latitude and between 14˚ and 24˚ of longitude east. A country in central Africa at an average altitude of 200 meters above the sea, Chad is totally enclave. It is surrounded by six countries: in the north Libya, in the east Sudan, in the south the Central African Republic and in the West Cameroon, Nigeria and Niger. There are three major climatic zones in Chad: the Saharan Zone in the North, the Sahelian zone in the Center and the Sudanese zone in the South. In these three climatic zones of Chad, the speed of the wind was measuredin the weather observation stations. The data for this study were obtained from the division of Climatology of Chad National Meteorological General Direction (Figure 1 ). The velocity measurements of the wind were made at 10 m height. The geographical coordinates of the selected sites are given in Table 1 .
Data Analysis
The Weibull distribution is usually used, accepted and recommended in the literature. It proved not only adapted for the description of the statistical properties 
where v the speed of the wind (m/s), k is an adimensional factor of form which characterizes the frequency distribution and C is the scale factor which is the dimension speed.
The determination of k and c called parameters of Weibull makes it possible to know the distribution of the winds for a given site. Once these parameters are determined, the mean velocity of the wind is calculated according to the follow-ing expression [19] [20]: 
where, pf E is the energy pattern factor and is the gamma function defined by
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The Probable Wind Speed
The most probable speed of wind can be determined from the shape parameter and scale parameter of Weibull distribution function. The speed of the most probable wind is obtained as [24] :
Maximum Energy Carrying by the Wind Speed
Determination of the maximum speed of wind energy can be calculated from the shape parameter and scale parameter of Weibull distribution function. The wind speed carrying the maximum wind power can be to calculate as [25] [26]:
Wind Power Density
The power density of the wind power is the most significant characteristic of the wind. It represents the quantity of energy produced by the wind. Assuming that A is the cross sectional area through which the wind spins out perpendicularly.
The power of the wind is given by the following relation [27] [28] [29] :
where, ρ is the density of air which depends on the pressure (elevation), temperature and moisture content present. In this study, it is assumed to be constant since its variation does not affect the calculation of resource of the wind in a significant way [30] [31] . By using the Weibull probability density function, the density of power of wind (by unit of surface) can be obtained by using the following equation [19] [32]:
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ρ is often written in a simple form [25] : 
Extrapolation of Wind Speed and Wind Power at Different Hub Height
The precise evaluation of the wind potential for a given site requires the knowledge the speed of the wind to various heights. The standard height of measurement is generally of 10 m, but during a prospection of a site, in order to draw up a wind project, it is preferable to take measures with two or three levels for one period at 
The Weibull parameters at measurement height are related to the parameters at the wind turbine height by the following expressions:
where 0 c and 0 k are the scale factor and shape parameter respectively at the measurement height 0 h and h is the hub height.
In addition, for a height less than 130 m, the power density of the wind above the ground level is given by:
where 10 P is the corrected power available in wind at a height of 10 m.
Power Output of Wind Turbine and Capacity Factor
In order to determine which wind turbine is the most efficient and best suited to the area studied, three turbines characterized by a starting speed lower than the average annual speed of the site were selected. Two of the machines are high 
The capacity factor ( f C ) of a wind turbine installed at a given site is defined as the ratio of the output power to the maximum theoretical output of the wind turbine, if it operates at its nominal (maximum) capacity during the whole of the 8760 hours of the year (365 d × 24 h) or 720 hours of the month (30 d × 24 h). In practice, the capacity factor varies between 25% and 40%. A capacity factor of 0.4 or more indicates that the adaptation of the system to the wind speed is very good. The capacity factor is given by [40] [41] [42] , e ave f eR
Results and Discussion
In this study, wind speed data analysis was carried out using MATLAB and Excel®. The dimensionless Weibull scale parameter c and shape parameter k were estimated using the pf E method.
In addition, Weibull mean speed V m , shape parameter (k), and scale parameter (c) for the three selected locations Moundou, Pala and Sarh are summarized in Table 2 . Table 2 shows the various speed and Weibull parameters for the three sites of Depending on the wind speed classes, the frequency distribution of the measured wind speed has been established and presented in Figure 8 while the cumulative distribution of the frequencies of the measured wind speed is presented in Figure 9 . Table 6 shows the characteristics of selected wind turbines. In order to bring out the model of the park with a real wind turbine, three types of wind turbine, 1 medium power and 2 high powers were selected. Table 7 shows the monthly values of average power (P OUT ) delivered by the BONUS 300 kW/33 wind turbine, capacity factor (C f ) and cumulative energy production (E WT ) for the selected three sites. Table 8 shows the monthly values of average power (P OUT ) delivered by the BONUS 1 MW/54 wind turbine, capacity factor (C f ) and cumulative energy production (E WT ) for the selected three sites. Table 9 shows the monthly values of average power (P OUT ) delivered by the BONUS VESTAS 2 MW/V80 wind turbine, capacity factor (C f ) and cumulative energy production (E WT ) for the three cities. Table 10 presents the annual performance and capacity factor of the selected wind turbine for the three selected locations. Note that the Bonus 300 kW/33 wind turbine has a good capacity factor 38.50% for the city of Sarh and Bonus 1 MW/50, 25.73% for the city of Moundou. Table 11 presents the average monthly energy for the selected three sites in the Sudanese zone of Chad. The lowest and highest wind energy densities were observed at Sarh for the three selected sites, respectively, at 1.598 kWh/m 2 / month and 33.966 kWh/m 2 /month, respectively. In addition, the highest annual energy of 148.85 kWh/m 97.816 kWh/m 2 /year in Pala. Table 12 presents the standard deviation of wind speed for the selected three locations.
It is observed in Table 12 that the city in the Sudanese zone of Chad having a small gap of 0.6 is Sarh and high gap of 0.92 is Moundou. 
Conclusions
In this study, the monthly and annual distributions of wind distribution and The wind power potential can be exploited to ensure sustainable development in the rural areas for pumping of water, heating of water, and production of electricity. The study recommends a long-term (at least ten years) wind speed data analysis for better understanding of energy potential and the design of suitable wind turbine for the selected cities.
